Introduction
Fluid and hemodynamic management, fundamental in critical care, becomes significantly more challenging in transplant patients and patients with mechanical circulatory support. Transplanted hearts pose unique pathophysiological challenges 1, 2 , and mechanical support significantly alters pressure-volume-flow relationships. These alterations can further limit the utility of standard pressure measurements, both central venous pressure and pulmonary artery pressure. Central venous pressure has been shown to have a poor relationship with volume status. 3 The Swan-Ganz catheter provides indirect measurements that can be difficult to interpret; moreover altered pressurevolume-flow relationships. Transesophageal echocardiography (TEE) directly visualizes the heart, allowing accurate assessment of cardiac function and volume status with other parameters. 4 Cardiac anesthesiologists rely on TEE images to make hemodynamic assessments and interventions in the cardiac operating room. TEE would appear to be the ideal tool for hemodynamic assessment and management of critically ill patients 5 ,
provided that availability and the need for trained personnel and anesthesia can be overcome. An editorial called for a TEE probe which could remain indwelling 48 hours in critically ill patients. 6 To address these issues, a miniaturized TEE probe (hTEE probe, ImaCor, Garden City, NY) with a diameter of 5. 
Methods
We reviewed our initial experience with 3 patients in whom the Imacor hTEE system was used as a point-of-care device to manage extracorporeal membrane oxygenation (ECMO) cannula placement, cardiac hemodynamics, and post-op cardiac pathophysiology. This study was approved by an institutional review board at Thomas Jefferson University Hospital.
Results

Case 1:
A 55-year-old female with a history of dilated cardiomyopathy, presented for a heart transplantation evaluation. She quickly decompensated into multiple organ failure despite significant inotropic support. It was decided that emergent Veno-arterial ECMO placement for biventricular support was necessary ( Figure 1A ). Over 3 weeks of VA ECMO support, the patient was deemed not a candidate for heart transplantation.
Although the patient remained eligible for a left ventricular (LV) assist device, right ventricular (RV) function had not been evaluated prior to decompensation.
A weaning protocol was initiated with hTEE for direct visualization of cardiac function to assess RV function. Over four hours, ECMO flows were decreased, and volume and dobutamine were administered. hTEE showed that the right heart was adequate to tolerate a bridge to LVAD ( Figure 1B ). The patient was successfully weaned off ECMO and bridged to an LVAD as predicted.
Case 2:
A 47-year-old male with a Heartmate II LVAD (Thoratec, Pleasanton, CA) underwent orthotropic heart transplantation. Postoperatively, the patient required A fluid challenge did not improve the flow. The hTEE probe was inserted and revealed a large right atrial thrombus interfering with the inflow to the venous cannula ( Figure 3A ).
The ECMO cannula was adjusted bedside and heparin administration was initiated. The 6 atrial clot was monitored real time using the hTEE probe ( Figure 3B ) and the clot dissolved over 24 hours. to the presence of a hematoma and myocardial edema. Cardiac tamponade should be readily diagnosed by TEE (including hTEE); however, due to our limited prior experience with hTEE, the patient was explored surgically and no tamponade was found.
Discussion
If we followed our hTEE findings, we would have avoided surgical exploration, a significant cost saving. 10 Sharply reduced flow shortly after ECMO placement may also be due to cannula malposition. In case 3 a thrombus in the right atrium occluded the cannula, a rare phenomenon. The hTEE probe allows us to visualization the thrombus, and its separation from the cannula following manipulation, at which time ECMO flow returned to normal.
The hTEE probe was left indwelling until stabilization of ECMO flows (48 hours) to evaluate the right atrial thrombus. We were able to avoid unnecessary fluid boluses, which could be harmful in the presence of pulmonary edema.
Conclusion
We found hTEE helped guide point-of-care management of patients posttransplant or with mechanical circulatory support accurately and acutely. 10 Although further study is needed, hTEE appeared easy to use by intensivists on demand and 9 yielded significant management changes, potentially avoiding re-operation with concomitant mortality and morbidity 11 as well as cost. Figure 1B than 1A, indicating the recovery of RV function.
